Background & Objectives: The central nervous system (CNS) is frequently affected by primary hypertension leading to features of motor, sensory and cognitive deficits. Brainstem auditory evoked potentials (BAEPs) may provide an early evidence of sensory dysfunction. Correlation of BAEPs with severity of blood pressure has not been studied much. In the present study, BAEPs were recorded in primary hypertensive patients and its correlation with mean arterial blood pressure (MAP) was carried out.
INTRODUCTION
Central nervous system dysfunctions are common in patients with primary hypertension and may lead to sensory, motor and cognitive deficit along with the symptoms of dizziness, vertigo, tinnitus, syncope and occipital headache. Moreover, hypertension appears to accelerate the course of atherosclerosis and increase the incidence of myocardial infarction as well as cerebral infarction. [1] In addition, hypertension predisposes the small penetrating cerebral arteries to atheromatous changes leading to lacunar infarct in gray and white matter nuclei. These significant pathological changes were found in at least 50% of hypertensives. Any behavioral effect of hypertension may be mediated by these structural changes in the brain, e.g. disseminated microaneurysms or lacunar infarcts. [2] It is also conceivable that it could also be due to nonstructural changes such as an increase or decrease cerebral blood flow. [3] Such type of microvascular damage may alter brainstem auditory evoked potentials (BAEP) which in turn may provide the early evidence for the presence of central nervous system dysfunction. BAEPs may be considered an experimental and investigational tool for screening hearing loss in hypertensive patients. [4] Several studies have analyzed whether individuals with arterial hypertension have more hearing loss or not when compared to normal individuals by using pure tone audiometry or BAEPs. Some have found a relationship between hypertension and hearing loss while some have not. [5] , [6] , [7] Results have been unclear, and there is the need for further studies as far as peripheral and central hearing are concerned in the affected population One of the studies has reported a correlation of peak latencies and interpeak latencies of waves of BAEPs with systolic and diastolic blood pressure [5] but data is still lacking, and its correlation with mean blood pressure has not been studied.
Since the mean arterial blood pressure and pulse pressure are two important parameters which regulate the setting of the baroreceptor tone through lower brainstem cardiovascular centers, we conducted this study to find out the correlation between mean arterial blood pressure (MABP) and waves of BAEPs. Generators of waves of BAEPs in the brainstem may interact with the brainstem regulatory mechanisms of blood pressure in essential hypertension. Any such correlation would suggest an interaction of vasomotor tone regulatory mechanism with auditory pathways in the brainstem.
MATERIAL & METHODS

Subjects:
The study was conducted in the electrophysiology lab of Physiology Department of University College of Medical Sciences. 30 primary hypertensive subjects of age group 30-60 years were selected from the outpatient department of Guru Teg Bahadur Hospital as subjects for the present study. 30 healthy age & sex matched normotensive adults served as controls. Almost 43% were male and 57% were female subjects in both the groups.
Selection of subjects:
The criteria proposed by the seventh report of the Joint National Committee (JNC 7) for hypertension was adopted for the selection of subjects. Patients having systolic BP ≥ 140 mmHg and diastolic ≥ 90 mmHg on three consecutive days were included in this study as subjects. [8] For controls, diastolic BP below 90 mmHg and systolic BP below 140 mmHg were considered. The ethical clearance from the ethical committee of the institution was obtained before starting the study. Informed consent was obtained from all the subjects and all of them filled up a Performa indicating personal and illness details of hypertension & its associated clinical features. Subjects having any prior history of hypertension, diabetes, cardiovascular disorder, head injury, hearing problems, any long term medication and use of any ototoxic drug were excluded from the study.
Before putting subjects on antihypertensive drugs, these subjects were given a thorough checkup of the external ear canal with an otoscope by an ENT specialist to assure that the canal is not blocked by cerumen. Height, weight, BMI and other demographic details were also obtained in both the groups. Before recording the BAEPs, the procedure was properly explained to the subjects as well as to the controls. The auditory threshold was also recorded and subjects having an auditory threshold of ≤ 20 dBHL were selected as subjects and controls to avoid any confounding factor affecting the hearing.
Test procedure: During the recording session, the subject lied comfortably in a supine position on a reclined bed. The scalp sites were cleaned with spirit swab and with Neuprep skin prepping jelly to abrade the skin & to reduce the impedance. Ag/ AgCl scalp electrodes were then affixed with collodion at Cz-A1 and Cz-A2 positions of 10-20 international electrode placement system and ground electrode was placed on the forehead. Electrode to skin impedance was kept below 5 Kohms.
BAEPs were recorded after giving 2048 click stimuli of intensity 70 dB above the normal hearing threshold at a rate of 10/sec and 0.1 m sec duration monaurally. The other ear was masked by white noise -40 dB HL. These clicks were generated by Recorder (Nihon Kohden, Japan). Two trials of 2048 clicks were given to get a reproducible tracing of BAEPs. The female subjects in both the groups had slightly lower values of BAEPs as compared to males, but as these were not statistically significant, composite data in each group was taken into consideration. The absolute peak latencies of waves I to V and interpeak latencies I-V, I-III, III-V and amplitude of wave I & V were calculated and averaged for both the ears.
Statistical Analysis: Unpaired student's "T" test was used to compare the different parameters of BAEPs between primary hypertensive and control groups. Bivariate correlation analysis was done to find any correlation between mean arterial pressure and BAEP waves in hypertensive subjects as well as in controls.
RESULTS
The mean age of subjects was 46. Absolute peak latencies of wave I, IV and V in primary hypertensives are found to be significantly prolonged when compared to normal healthy normotensives. Absolute peak latencies of different waves in controls and subjects are given in table 2. Interpeak latency I-V and III-V in hypertensives also found to be significantly prolonged as compared to their normal contemporizes. There is a significant reduction in the amplitudes of wave I and V in hypertensive patients. Inter-peak latencies I-V, I-III, III-V and amplitude of wave I and V are given in Table  3 Bivariate correlation analysis clearly shows a significant positive correlation between MABP and absolute peak latencies of wave I (r= 0.46, p=.01), wave IV (r=0.44, p=.016) and wave V (r= 0.57, p= .001). (figures 1-3 The ratio of wave V/I was found to be 110% which was within normal range. 
DISCUSSION
The present study showed that absolute peak latencies of wave I, IV and V of BAEPs significantly increases in primary hypertensives. These waves were also found to be positively correlated with mean blood pressure. Interpeak latencies I-V and III-V was also found to be significantly prolonged and positively correlated with mean BP in hypertensive patients. This suggests that auditory conduction is delayed in these patients particularly at the level of inner ear and auditory pathways up to the medulla. Wave I usually represents the auditory conduction through the inner cochlea while waves IV and V are supposed to be generated from the trapezoid nuclei, lateral lemniscus and inferior colliculus nuclei in the brainstem. [9] BAEPs evaluate the integrity of peripheral with the central auditory nerve pathways in the brainstem. Mean arterial blood pressure regulatory mechanisms in the brainstem might have influenced the functional integrity of these auditory pathways. These findings also indicate that brainstem auditory evoked potentials may become abnormal with the severity of hypertension or if treatment is delayed. The other significant finding was the reduction in the amplitudes of wave I and V in primary hypertensive patients and wave I was negatively correlated with MBP. But the ratio of amplitudes of wave V/I which is a reliable indicator for any hearing impairment was found to be within normal range, i.e., 50%-300%. This suggests that the neuronal excitation and conduction in the brainstem auditory pathway particularly inner cochlea and pontomesencephalic region might be delayed without any major hearing impairment. As the peak latencies and interpeak latencies are getting prolonged, so the present study can elaborate preemptive diagnosis to foresee impending complications. This may also provide an electrophysiological evidence of interaction of BP control mechanism in the brainstem with sensory conduction in auditory pathways in patients with essential hypertension.
The results of the present study are consistent with some of the studies where BAEP waves were found to be increased or delayed in hypertensive patients. [5, 6, 7] Prolonged interpeak latencies have also been noticed in benign intracranial hypertensive patients and authors proposed stetchingcompression of cochlear nerve as a mechanism for this. [10] As far as correlation of waves of BAEPs with BP is concerned conflicting data is available. Rosen et al. stated that in a study carried out with hypertensive patients in the USA, there was a correlation between high blood pressure and hearing loss in high frequencies. [11] However, such correlation was not seen in a later study carried out with a Sudanese native population. Hansen et al, in a retrospective study carried out in Denmark with 342 patients do not relate arterial hypertension to hearing loss in this population. [12] Previous study from our department by a coauthor on smaller no. of patients reported a positive correlation of waves I, II of BAEPs with SBP and waves I and V with DBP in primary hypertensive patients [5] But there is still scarcity of correlation data of waves of BAEPs with blood pressure in primary hypertensives specially with mean blood pressure and we have not come across any study correlating the BAEP waves with MBP .
In the present study, we have selected patients as well as controls with an almost normal threshold so that other factors affecting the peripheral hearing loss can be ruled out and we can see the effect of primary hypertension specifically on the BAEPs. Most of the studies have also documented high frequency hearing loss in > 48 years of age so we tried to select patients of <48 years so that we can avoid this confounding factor. [13] Mean arterial blood pressure is the pressure for the distribution of steady flow and oxygen to the tissues and organs. It is an important parameter regulating baroreceptor tone setting in lower brainstem cardiovascular centres. The moment-tomoment regulation of the function of the heart and blood vessels is achieved through reflex action that detects and corrects changes in arterial pressure. It is now widely acknowledged that the baroreceptor heart rate (HR) reflex activity is diminished in animals with experimentally induced hypertension and in patients with essential hypertension. It has been shown in other experimental models of hypertension and in human hypertension that the attenuation of baroreceptor reflex sensitivity is mostly due to a reduced vagal activity. [14,] [15] This baroreceptor reflex reset at higher blood pressure for a given heart rate which may be related to physical changes in vascular wall dysfunction. [16] , [17] In experimental studies, a relationship was found between increased flow in the carotids and baroreceptor desensitization which suggests that atheroma may affect the compliance of vascular wall which thereby affects baroreceptors. [18] Another link between atheroma and hypertension may be impairment of cardiovascular centers in medullary areas of CNS. This could be caused by the reduction of perfusion due to atheroma in the vertebrobasilar circulation. [19] Baroreceptor dysfunction may be a contributory factor to hypertension. However, the contribution of impairment of these control mechanism to long-term essential hypertension is still not clear.
Moreover high pressure in the vascular system may damage the cochlear artery and anterior vestibular artery in the inner ear leading to a progressive hearing loss in hypertensive patients. [20] , [21] In hypertension blood viscosity also increases which reduces capillary blood flow, so oxygen transport to the cells of inner ear decreases. Sodium is also retained and extracellular volume increases in hypertension These changes may lead to the development of hypoxia and hearing loss in these patients. [22] . Cardiovascular dysfunction and prolongation of BAEPs were usually accompanied by a reduction of cerebral blood flow, leading subjects to loss of consciousness and even death of the patient. [23] Sensory derangement, particularly of pain threshold in experimental animals and impairments in sensory conduction in human beings has also been reported in hypertension.
[24], [25] , [26] The finding of this study, i.e., significant correlation between mean arterial pressure and BAEP latencies & IPL in primary hypertensive cases provides an electrophysiological evidence of interaction of BP control mechanism in the brainstem with sensory conduction in auditory pathways. MBP may affect the brainstem auditory pathways through various interactions which may influence conduction in the auditory pathways. More studies with more number of patients are required to understand more about the correlation of BP with BAEPs. This study provides an early electrophysiological evidence of BAEP and MBP derangement in primary hypertensive patients.
LIMITATIONS OF THE STUDY:
This study had certain limitations. As newly diagnosed hypertensive patients were selected in this study but the duration of hypertension may remain a confounding factor. The sample size was small, and imaging was not done to exclude any infarct, lacunae or leukoaraiosis which can affect BAEPs. Moreover, the effect of antihypertensive treatment on the prolonged latencies of BAEPs was not studied. More studies are required to overcome the shortcomings of this study.
